places was linked to past and present neglect of the welfare of mothers and babies'. Tackling the epidemics of diabetes and heart disease in the Western world and in developing countries would require, he said, a shift in focus to prioritize the health and nutrition of adolescent girls, pregnant women and infants. This focus has subsequently been enshrined in global health policies and priorities.
Early days
Science was the driving force in David James Purslove Barker's life. His scientific journey began at Oundle School, Northamptonshire, where his interest in the natural world was sparked by an exceptional and enlightened biology teacher, Ioan Thomas, who spotted his interests and abilities and gave David freedom to roam the countryside around the school, discovering and developing his curiosity in beetles. He spent many hours in nearby fields and woods finding specimens and observing their habitats. He was given after-hours access to the biology classrooms and used the equipment to classify his finds. When he left school, these skills were recognized as he was asked to collect plant specimens from the Icelandic offshore island of Grimsey for the Natural History Museum. It was these early experiences that left David with an abiding love of the natural world, its intricacy and beauty. His children remember being woken late on summer nights to come into the garden and join him in wondering at the touching beauty of female glow worms, emitting their brilliant but mute signal and waiting patiently for a mate to find them. Importantly, his schoolboy expeditions also gave him an appreciation of the value of careful observation, attention to detail and accurate recording of what he saw-skills that he would use throughout his scientific career (figure 1). David had wanted to be a doctor from an early age, and he entered Guy's Medical School, London, in 1956. He was an ideological young man, highly motivated by a desire to alleviate human suffering, whose plan, had he not gained entry to medical school, had been to become a missionary and priest. His progress through medical school and early medical training was unorthodox and threaded a path between clinical practice which he loved and scientific study to which he felt drawn. While at medical school, he took a year out to study for a degree in physical anthropology, comparative anatomy, embryology and mammalian biology. It was during this time that he came under the influence of the famous zoologist J. Z. Young FRS. He was the first real scientist David had met and was an inspiration to him. David's first paper was written during this period on the effects of testosterone on bone density and was published in Nature in 1962 (1)*. He returned to medical school to finish his training, but continued to research and publish. This set the pattern for the rest of his life.
Early career in epidemiology and studies in Africa
Early in his career David was drawn to the science of epidemiology-the study of the incidence and causes of disease. This branch of medical research allowed him to apply his knowledge of systems biology and his ability to see the individual in wider social and geographical contexts. So, in 1963, a year after qualifying, he became a research fellow in the Department of Social Medicine at the Queen Elizabeth Centre, University of Birmingham. He worked under Tom McKeown, a social epidemiologist, who had a strong influence on his thinking. David completed his PhD thesis on 'Prenatal influences and subnormal intelligence' in 1966, with findings published (2) . This work, linking growth in the womb and complications at birth to childhood intelligence, was a harbinger of his later interest in fetal programming, but he initially set off in a different direction.
In 1969, he persuaded his first wife, Angela, and their four young children to accompany him to Uganda, where, with a grant from the Medical Research Council (MRC), he researched Mycobacterium ulcerans infection ('Buruli ulcer'). Mycobacteria cause tuberculosis, leprosy and Buruli ulcer. The latter is a tropical disease that causes vast skin ulcers that are difficult to heal and which are very disabling. It was thought to be a mosquito-borne infection, but David queried this. Working without supervision or direction, he devised and ran a study to identify its cause. The study involved travelling with Scottish surgeon Wilson Carswell, later to become famous for his work on the origin of AIDS, to remote rural areas to observe the living conditions, behaviour patterns and environment of the people who were afflicted, listening to their voices and making maps to plot where outbreaks were occurring (figures 2 and 3). When President Idi Amin plunged Uganda into crisis, declaring that westerners were no longer welcome, David, fearing for their safety, gathered up his family and drove at night into neighbouring Kenya, ostensibly for a holiday but actually in flight. He had done enough research to publish a paper proposing that wounds caused by the razor-sharp reeds growing near the river Nile, rather than mosquito bites, caused the transmission of Buruli ulcer. He had also learned the importance of going into the field to observe a problem first hand to fully understand it. This learning was central to his continued approach to research.
Working in Uganda, he gained enormous self-confidence and belief in his own judgement. By the time he left Uganda in 1971, David was a man who had an awareness of the awesome profundity of the natural world, whose medical career gave him a keen desire to understand human development and growth and the biology of human disease, who had the determination to apply rigorous scientific methods to understand the causes, and who had the ability to both maintain the big picture and pay attention to detail.
Epidemiology and clinical work in Southampton
The University of Southampton's new medical school opened in 1971 and David joined the Faculty of Medicine in 1972 as senior lecturer of clinical epidemiology and consultant physician at the Royal South Hants Hospital. He combined his work as a scientist with his career as a practising clinician. He believed that contact with patients, and the opportunity it afforded him to observe the clinical conditions he was studying, made him a better researcher. He chose to spend time with his patients, talking to them about their lives and their histories, not just their illness. He felt he could not understand a patient's illness unless he knew about them as well as their symptoms. His clinical work also brought him into contact with bright junior doctors who he recruited into research and inspired to help him in the campaign to change the way the world thought about the origins of chronic diseases. He became a respected teacher of epidemiology, and the author of several concise and accessible textbooks introducing the science, especially to clinicians (3) (figure 4). In partnership with the eminent epidemiologist and trusted mentor, Geoffrey Rose, David led a one-week course in Southampton, on 'Epidemiology for Clinicians', which is still running today. He became professor of clinical epidemiology in 1979 and co-founded the newly established MRC Environmental Epidemiology Unit in Southampton, directed by Donald Acheson.
His research during this period repeatedly returned to early life influences on health. An example is his work on appendicitis, which, he concluded, is related to the timing in childhood of gastrointestinal infections. Appendicitis initially increased in England and Wales following the introduction of household amenities such as piped water, hot water systems, bathrooms and lavatories. Children were exposed much less overall to pathogens but became infected at older ages. Using census data, he built the evidence that this later infection increased the risk of appendicitis (9). As these amenities became almost universal, gastrointestinal infections became rare at all ages, and appendicitis started to decline. From other studies, he concluded that early life exposures to infection and/or nutritional deficiencies were likely to play a role in the aetiology of Paget's disease of bone (4) and Perthes disease of the hip (6) , and with neurologist Chris Martyn he linked motor neuron disease to exposure to polio virus in childhood (10).
In the late 1970s Donald Acheson and statistician Martin Gardner were working on the aetiology of cancer, following up cohorts of people in occupations potentially associated with an increased cancer risk. This involved 'flagging' people in specific occupations-marking their record in the NHS central register-so that a notification and cause of death was sent when they died. Acheson and Gardner were also seeking new clues to the aetiology of cancer through geographical mapping, and in 1983 produced an atlas of mortality from different cancers across England and Wales. This was followed in 1984 by a companion volume, mapping deaths from other diseases, to which David Barker made a major contribution (7) . One of these maps showed deaths attributed to thyrotoxicosis. David and his then PhD student, David Phillips, noted a strong similarity to an old map of endemic goitre due to iodine deficiency in the early twentieth century. They proposed a 'mis-match' hypothesis, that exposure to iodine deficiency in early life led physiological systems to conserve iodine, which, in the presence of plentiful environmental iodine, increased the risk of thyrotoxicosis (5) .
Another map in the atlas showed death rates from ischaemic heart disease (IHD), which, at that time, was the commonest cause of death among UK men and the second commonest among women. There were large (up to threefold) differences in death rates among the 1366 local authority areas of England and Wales. David initially thought that infection in early life could be a risk factor, because the map picked out historically poor regions, such as the former industrial and coal-mining regions of northeast England, the west Midlands, and south Wales. He found that there was a close resemblance to the map of infant mortality, not currently, but 70 years earlier ( figure 5 ).
For the first time, he was hit with the realization that an adverse environment in the womb and during infancy might be linked to the risk of chronic disease in later life. The actual moment of this realization was dramatic and is described vividly by David's second wife, Jan, in her unpublished account of their lives together The new wife's tale (J. Barker n.d., pp. 14-15): One Saturday David had been at the office all morning finishing work on the atlas that showed the incidence of heart disease. I was preparing lunch when I heard him driving unusually fast up our drive. He rushed into the kitchen and asked me to drop everything and get into the car. Our house was full of children, and he needed my uninterrupted attention. His face was ashen, and I was worried. He drove me off. He parked the car in a nearby farm gateway and showed me a small red book with a battered cover. It was old and full of numbers and tables; not the sort of information that I readily understood. He explained that it was the official record of infant deaths in England at the beginning of the century. While looking through these pages, he had suddenly realized that the areas of the country that had experienced high infant mortality seventy years ago were exactly the same places with a high incidence of heart disease today. These places were northern industrial towns and poor rural areas. I was shocked by the charge of excitement that filled our old Peugeot car, although I did not understand the significance of what he was telling me. I listened while he tried to explain. He did not really know himself what it meant, but he had a strong, gut feeling that he had uncovered a vast clue to a profound biological truth. He said that he knew that what was before him was very important. This was his first 'Eureka!' moment. Looking back, I realize our life's work together began at that moment, when the Barker Theory was conceived.
After this discovery, David found that similar correlations had recently been reported from Norway, Finland and the USA, and so he knew that this was a new but consistent finding in several populations. He was able to take it one step further, because infant mortality data for England and Wales were sub-divided into neonatal deaths (in the first post-natal month) and post-neonatal mortality (deaths from one month to one year). At the start of the twentieth century most neonatal deaths had pre-natal causes (prematurity and low birth weight) and were strongly correlated with maternal mortality, which was associated with maternal stunting and under-nutrition. Post-neonatal mortality, by contrast, reflected the post-natal environment Figure 6 . Excerpt from the letter David wrote to himself following his realization that disease in adulthood had its origins in early life.
(poverty, over-crowding and infection). With statistician Clive Osmond, David showed that current stroke mortality was strongly correlated with past neonatal mortality (11) . Chronic obstructive lung disease was correlated strongly with post-neonatal mortality. IHD was correlated with both. From that study onwards, David was convinced that cardiovascular disease had its roots in sub-optimal maternal health and nutrition, and impaired fetal and infant development. He fully realized what a large idea it was, and the deep implications for public health. A letter that he wrote to himself at that time, and which was discovered only after his death, showed that he knew that it would change his life irrevocably. A section of this hand-written letter (figure 6) shows him exhorting himself not to be consumed by the work that he knew this discovery would generate, and to make time for the other, important things in his life. The outcome of this internal battle was that he decided to continue his research and devoted the rest of his working life to the tenacious pursuit of evidence for, and understanding of, the DOHaD.
Consolidating the 'Barker Hypothesis'
As the next step, David deployed several members of the MRC Unit to scour hospital and county archives for old birth records that could be used to link individual birth data (such as birth weight) to certified causes of death in adult life. The breakthrough came with the discovery of the Hertfordshire birth records in the mid 1980s. These long-forgotten ledgers, which had somehow survived in the County Archive in Hertfordshire, recorded all births in the county (mostly at home) from 1911 to 1938. They contained, for thousands of births, the name and address of the mother, the date of birth and weight of the newborn, details of midwife visits during infancy, infant feeding and the infant's weight at age one year. By guaranteeing their safe and secure storage, David negotiated for the ledgers to be brought to Southampton, where they were computerized and linked by flagging to the NHS central register (figure 7). If an individual had died, it was possible to obtain their cause of death, and if they were still alive, it was possible to approach them through their general practitioner. The Hertfordshire records launched a series of cohort studies over the next decade that consolidated David's conviction that an adverse early life environment cast a long shadow and left a legacy of vulnerability to chronic non-communicable disease in later life. These studies also consolidated an enduring and highly productive partnership with statistician Clive Osmond, whose data analysis skills complemented David's rapidly evolving scientific ideas.
There followed a landmark mortality study and paper (David's most cited) (12) showing, as he predicted, that people of lower birth weight and lower weight at one year had a higher risk of premature death in adult life from stroke and IHD ( figure 8 ). This was a pivotal moment. Unlike the geographical correlations, which are open to multiple interpretations, here were data from individuals. He concluded that 'processes linked to growth and acting in pre-natal or early post-natal life strongly influence risk of ischaemic heart disease'. His ideas met with considerable scepticism. Peers thought that the associations in Hertfordshire were probably caused by confounding due to socio-economic status and were unlikely to reflect early life causes. His ideas were seen as antagonistic to efforts to prevent cardiovascular disease by reducing adult risk factors like obesity, unhealthy diets and smoking. By comparison, his critics argued that the effect of pre-natal exposures was weak, and unfeasibly large increases in birth weight would be required to have an impact on IHD rates. David moved on from mortality data to studying survivors. He showed that hypertension, pre-diabetes and type 2 diabetes, well-known risk markers for IHD, in men and women aged 60-70 years in Hertfordshire were also associated with lower birth weight and weight at one year (13) . Subsequent follow-up of adults born in maternity hospitals in Preston and Sheffield, whose obstetric records had survived, added further evidence of pre-natal origins, linking maternal pelvic diameters, newborn thinness (low ponderal index) and imbalance between newborn and placental size to later cardiovascular and metabolic disease. In a novel collaboration with Scotland Yard, David and Keith Godfrey linked elevated adult blood pressure to specific fingerprint patterns, which are influenced by intrauterine development (15) . In these studies, it was possible to collect detailed data on life-long socio-economic status, and to show that the associations were not due to confounding by social class, strengthening the evidence for early life effects. Importantly, by showing associations with adult vascular, metabolic and endocrine function, these studies showed that birth weight itself should not be considered a good biomarker of pre-natal adversity but was only a crude proxy for its effects on the function of multiple tissues and systems. Increasing birth weight would Figure 8 . Standardized mortality ratios for heart disease according to weight at birth and one year in men born in Hertfordshire between 1911 and 1930. (Reproduced from (11) with permission from BMJ Publishing Group Ltd.) not be the goal, but rather improving the development of the body's tissues and systems (figure 9).
David set up several targeted collaborations for cohort studies that would extend his ideas. With Johan Eriksson and colleagues, he studied the Helsinki birth cohort (born 1924-1944) , which had data superior to the UK cohorts in terms of early life measures (multiple birth measurements and serial growth measures throughout childhood), adult outcomes (linkage to clinical registries, hospital and prescription records, as well as cause of death) and confounding factors (better lifecourse measures of social class). In addition to confirming the associations of small size at birth with later IHD, hypertension and type 2 diabetes, the Helsinki studies showed that rapid childhood weight gain after infancy was a strong risk factor for these disorders (23). David supported Caroline Fall to set up partnerships with researchers in India, where studies confirmed that these associations held true in a developing country population. David also helped to set up the Dutch Famine Study, based in Amsterdam, leading to a long collaboration with Tessa Roseboom. These studies investigated men and women who had been exposed in utero to a brief but severe famine in The Netherlands during the Second World War. They showed that famine exposure at different stages of gestation was associated with different birth outcomes and later disease risks. Exposure in early gestation had no impact on birth weight but increased the risk of later IHD and dyslipidaemia, while late gestation exposure was associated with a marked reduction in birth weight and an increased risk of adult diabetes (18). This series of studies, which provided the first strong evidence in humans that early life adversity left a legacy of chronic disease in later life, generated two BBC Horizon programmes, the second of which, 'The nine months that made you', was broadcast in 2011.
From the early 1990s, David sought out and worked with several researchers in basic nutritional science and/or animal physiology, who were to have a profound influence on his thinking and research. These included paediatrician Alan Lucas, who, based on data from animal studies and his own follow-up of pre-term infants, had proposed that adult metabolism was influenced by diet in the early post-natal period, a phenomenon he called 'programming' (Lucas 1991) . Nick Hales (FRS 1992) , professor of biochemistry at Cambridge, was crucial to interpreting David's data as he moved into studies of living men and women. For example, lower birth weight was associated with abnormally high circulating insulin precursors in adult life, suggesting pancreatic dysfunction. Nick showed in rats that a maternal diet with inadequate protein during pregnancy reduced insulin secretion, increased insulin resistance and caused diabetes in their offspring. He and David published the 'thrifty phenotype hypothesis', proposing fetal under-nutrition as a cause of later life pancreatic insufficiency and type 2 diabetes (19) . Alan Jackson, professor of human nutrition in Southampton, also tested David's ideas in animal models, and suggested early on that fetal nutritional programming could act through the 1-carbon pathway, a prescient idea now coming to the fore in epigenetic research (Steegers-Theunissen et al. 2013) . Through Geoffrey Dawes FRS, a fetal physiologist in Oxford, David met Jeffrey Robinson and Julie Owens (Adelaide), Peter Gluckman (FRS 2001) and Jane Harding (Auckland), John Challis (Toronto), Joe Hoet (Leuven, Belgium) and Patrick Bateson (Cambridge), all working on embryonic and fetal development in animals. Being a biologist at heart, David appreciated the subtle insights that these animal experiments gave; for example, the effects on the fetus of dietary manipulations in the mother during pregnancy were often conditioned by her pre-conceptional nutritional status. Overall, the demonstration in animal models that altering maternal diet could influence fetal development and induce later hypertension and diabetes in the offspring, was supportive of his theory, and helped to keep DOHaD research alive through a period of great initial scepticism and hostility. For about 10 years from 1990 onwards, this cross-disciplinary group met annually to share findings and refine the concepts of fetal 'plasticity' and cardio-metabolic programming by the fetal and early post-natal environment (16). These meetings were the precursors of the International DOHaD Society and of the Fetal Origins of Adult Health (FOAD) and DOHaD conferences (the first one was in Mumbai, India, in 2001; the latest one, the eleventh, in Melbourne, Australia, in 2019).
While enjoying the process of absorbing the data from animal studies into his thinking, David characteristically also tried to interpret his research through the lens of social history. This stimulated many an interesting discussion in the MRC Unit over lunch or on a Friday evening in the Postgraduate Centre bar. The approach was exemplified by his 1987 paper on inequalities in health between three towns in northern England (Nelson, Burnley and Colne) (8) . In the 1970s, these three towns, standing side by side on the western slopes of the Pennine hills and all former cotton-weaving towns, had the same climate and similar housing, amenities, socio-economic structure, employment levels, medical facilities and infant mortality-yet death rates were much lower in Nelson. David argued that these differences were attributable to living conditions 100 years ago, when Nelson had newer housing than the other two towns, less crowding, better refuse disposal, street cleaning and pest control. Nelson had a large population of recent migrants from nearby rural areas, and the mothers were 'sturdier and healthier', had smaller families and breastfed their babies for longer. He thought that one reason for the low death rates from IHD in London in the 1970s (unlike most large cities) was the exceptionally good health and physique of young women living there 100 years before. Many of them had recently migrated in from the (better-nourished) countryside to become domestic servants at a time when work in agriculture was declining (14) . Later, when he moved to the USA following his retirement as MRC Unit director and went to research the history of the USA, David proposed that high rates of stroke and chronic kidney disease in the deep south of the USA were a legacy of the prolonged hunger and economic depression that followed the American Civil War (21) .
David retired as director of the MRC Unit (now the MRC Lifecourse Epidemiology Unit, LEU) in 2002 and was succeeded as director by one of his former doctoral students, rheumatologist Cyrus Cooper. Under his leadership, the LEU has continued David's work on the developmental origins of disease. Cyrus's research has gone on to show that osteoporosis is another chronic disease of mid/late life linked to maternal nutrition, and fetal and childhood growth (20) . A recently completed randomized controlled trial demonstrated for the first time that maternal vitamin D supplementation during pregnancy was associated with optimization of neonatal bone mass for infants born during winter months. This was one of the first of many studies that are now taking David's work forward in the LEU by examining the potential for preventing later life disease by intervening to improve fetal development. After his retirement, David moved to the USA to pursue his interests in the placenta with Kent Thornburg and in childhood growth with Michelle Lampl. However, he remained a frequent visitor to the LEU, took an intense interest in the intervention studies and maintained his strong collaborations in Amsterdam, Helsinki and India.
Working at Oregon Health & Science University, Portland 2003 -2013 After his retirement as MRC Unit director in 2003, David had to make a personal decision of how best to continue his work. He had first met Kent Thornburg in 1988 at a small conference in La Spezia, Italy, planned by Geoffrey Dawes, director of the Nuffield Institute at Oxford University. Kent was professor of physiology and pharmacology at the Oregon Health & Science University (OHSU) in Portland, Oregon, USA, and studied nutrient transport in the placenta and the role of nutrients in supporting heart development. At the Italian meeting, David and Kent agreed to join forces to investigate the role of the placenta as a programming agent for adult-onset chronic disease and to understand whether it had a detrimental role in suppressing heart development (figure 10). David became a visiting professor at OHSU and found in the US an intellectually stimulating environment in which he enjoyed highly productive and happy collaborations with Kent, his colleague, Susan Bagby, and other US scientists for the last 10 years of his life. The laid-back west coast city of Portland, where he and Jan found a fifteenthfloor furnished apartment with stunning views of the city and beyond, became their second home. US scientists were brought squarely into the fetal programming fold. Following Kent's involvement in the National Institute of Child Health five-year plan for research based on developmental origins, David and Kent were invited to present their work to the National Institutes of Health (NIH) in Washington, DC. This resulted in the developmental origins view being endorsed by five different NIH institutes, the World Health Organization, the US Standing Committee on Nutrition, and the Pacific Health Summit. David was awarded a professorial appointment in cardiology at the School of Medicine at OHSU.
Digital communication meant that David could continue his collaborations with other sites around the world on a daily basis. The distance and time differences became much less important, in fact almost an advantage. David and Kent would work on ideas and data during the day and in the evening David would send their queries to Clive Osmond in Southampton for analysis. With an eight-hour time difference, Clive's results would often be waiting for David in the morning and there would be a brief window of opportunity for a telephone conversation, if necessary, before Clive went home at 5pm. Communication was also facilitated with Johan Eriksson in Finland and Caroline Fall in India, where studies were ongoing. Drawing Kent Thornburg into his collaboration with the Helsinki team, David began to explore how maternal height and weight were associated with adult-onset cardiovascular disease, the potential influences of placental size and shape as determinants of later life chronic diseases, and maternal pelvic dimensions in predicting risk for hormone-related cancers (24, 26). All the while, the epidemiological findings were driving new questions that required biological explanations. David was helpful in designing experiments in animal models that would explain why poor placental function might be important in detrimental growth of the fetal heart. New contacts were made in America, and David was invited to give lectures across the country. One of these resulted in an important collaboration with Michelle Lampl from Emory University in Atlanta, Georgia. She was a world authority on child growth and her work fitted importantly with David's. She and David ran a teaching course in Atlanta that pulled together the many scientists working in the field. Reciprocal visits were made to the heart research centre and the visitors were entertained by David and Jan in their apartment. It became an American equivalent of the Manor Farm ethos of warm hospitality combined with scientific discussions (see Family life section).
As well as writing many papers together, Kent and David set up various studies in Oregon. They raised money to support a cross sectional study of women in Klamath Falls, a rural town near the Californian border. The study was designed to collect biological information from local women who became pregnant, and provided valuable new insights on the role of maternal diet, placental function and fetal heart development. In 2011 the Seventh International Conference of the DOHaD was held in Portland. It was organized by Susan Bagby and was a proud and rewarding event for David in his second home.
An annual course for all health workers concerned with the health of women and children was instigated in Portland by Susan Bagby. It was called 'Nutrition in the womb' and was run in part by young volunteers under the direction of David and Kent. David and Jan produced a book of the same name, which was designed to inform the general public of the importance of life before birth. A highly successful local businessman, Bob Moore, who owned an international health food company called Bob's Red Mill, heard of the work being done at OHSU on the importance of nutrition. With true American ethos he was looking for a philanthropic venture and 'Nutrition in the womb' attracted his interest. He decided to use some of his wealth that had been made by promoting health food to endow the Moore Institute. Kent and Susan have become very involved with its continuing activities.
David barker's impact on biomedical and social sciences
The legacy of David's pioneering discoveries spanned out beyond his core discipline across biological, medical and social science boundaries. His work provoked new and diverse questions such as what biological processes might be responsible for developmental origins of disease and how mothers should prepare for pregnancy to help prevent adverse health risk to their children. David encouraged pursuit of the wider implications of his work in collaborations with scientists from many fields.
Embryo and peri-conception period
David contributed to answering the question of when environmental cues during pregnancy might first induce change in the developmental programme that could lead to later disease by seeking and encouraging willing partners and collaborators both within Southampton and elsewhere. One of us (Tom Fleming; embryologist) was invited by David to a research strategy meeting one lunchtime in the mid 1990s that became a pivotal event in Tom's career. Discussions on the originating processes of adverse programming supported the likelihood that very early events close to the time of conception might be critical. Thus, the first cells to form in the embryo after fertilization are undifferentiated and acquire information as to their metabolic activity and future role in development from environmental signals, including the quality of maternal nutrients available. Furthermore, these cells are the forerunner of both future fetal and placental cell lineages, allowing early environment to influence the entirety of the conceptus. Lastly, epigenetic reorganization of the newly-formed embryonic genome occurs in the early embryo and might provide a mechanism to permanently change the pattern of gene expression in response to environmental conditions. With these thoughts and incisive support from the Dean and the Medical School at the time, short-term research funding was found for preliminary investigation using a rodent model into the possibility that the window around conception might be key in developmental programming.
These early and subsequent studies proved very encouraging. Poor maternal diet through protein restriction in rodents specifically during the period around conception, followed by normal nutrition for the rest of gestation and post-natally, generated offspring with diseaserelated cardiovascular, metabolic and neurological dysfunction (Kwong et al. 2000; Watkins et al. 2008; Gould et al. 2018) . Moreover, the origin of disease state could be traced back to the early pre-implantation embryo 'sensing' environmental metabolites within the mother's reproductive tract and responding by modifying both fetal and placental development in ways to protect survival. However, given the provision of plentiful nutrition post-implantation, such responses became maladaptive and led to disease in adulthood. Detailed analyses have shown a complex of epigenetic, cellular and physiological mechanisms underlie these responses (Fleming et al. 2015) .
The subject has now expanded to embrace several peri-conceptional environmental conditions that have been shown to impact on embryo programming. These include maternal nutritional states from obesity and high-energy diets through to malnutrition and caloric Figure 11 . Summary diagram to illustrate diverse environmental factors ranging from parental nutrition to in vitro culture that can influence the developmental potential of gametes and early embryos. These factors can alter the pattern of later development and growth, ultimately affecting disease risk in offspring. (Reproduced from Fleming et al. 2018a .) (Online version in colour.) restriction, and also the extent of alcohol consumption. In addition, similar long-term programming effects can result from peri-conceptional maternal infection and ageing, in vitro assisted conception technologies to overcome infertility, and even factors derived from paternal lifestyle (reviewed in Fleming et al. 2018a ) ( figure 11 ). Such studies comprise both animal models and more limited human datasets where possible. The legacy of David Barker's findings has therefore opened up new ways to view pregnancy from its onset and the need for pre-conception health of parents before embarking on raising a family (37) (Barker et al. 2018; Fleming et al. 2018b; Stephenson et al. 2018) .
Placental studies
In David's initial studies into developmental programming, the cause of the reduction in birth weight was attributed primarily to maternal malnutrition. While this association is true worldwide, in the developed world approximately 90% of cases of fetal growth restriction arise from deficiency in placental function. Interposed between the mother and her fetus, the placenta orchestrates the maternal-fetal allocation of nutrient resources. Endocrine factors influence maternal appetite and metabolism to maximize availability of nutrients, which are subsequently transported across the placenta to the fetal circulation by a variety of active and passive processes. The placenta is also an important defence against xenobiotics and maternal stress hormones, such as cortisol, which have adverse effects on fetal development. Hence, the placenta is a powerful modulator of the environmental cues suspected of causing fetal growth restriction, and its function is central to developmental programming beyond the peri-conceptional period.
David's initial findings aroused considerable interest in the placental research community as individuals became aware that their own findings focused on placental biology had potential implications beyond pregnancy, extending into life-long health. Hence, in 2009 the Centre for Trophoblast Research at the University of Cambridge hosted a workshop meeting with David, Kent, Tessa and colleagues to bring together the fields of placental biology and developmental programming. This two-day event, chaired by Professor Sir Robert Boyd, proved to be a highly influential event as both sides explored common ground. The proceedings were published in a book (27), and the meeting was followed by a second in 2011 (Fowden & Constancia 2012) .
Influenced by these meetings, David and colleagues investigated links between the placenta and developmental programming. A series of papers was published, associating, for example, the surface area of the placental footprint in the uterus with the risk of cardiovascular disease (28, 32, 38) , placental growth and chronic heart failure (29) and lung cancer (30) , and placental shape and life expectancy in men (33) and colorectal cancer (38). Subsequent epidemiological studies conducted by David and colleagues revealed how plastic the human placental phenotype is to changes in maternal nutritional status. In a collaboration with Saleh Alwasel at the Kind Saud University in Riyadh, they found that placental growth slows when the second and third trimesters of pregnancy coincide with Ramadan, although birth weight is not affected (31). Hence, placental efficiency is increased in some way, yet to be identified. The team also found that over the course of the study average placental weight increased, and went on to show in a follow-up study that, remarkably, over a six-year period placental weight increased by over 100 g (34, 35, 36) . How these effects are mediated physiologically is still unknown. The ultimate shape and size of the placenta, and the centricity or otherwise of the insertion of the umbilical cord, seems to be determined largely by the end of the first trimester (Salafia et al. 2012) . It is now appreciated that placental development during the first trimester is stimulated and supported by secretions from the endometrial glands (Burton 2018) , but how these secretions are influenced by maternal diet and nutritional status is not known. The end of the first trimester is a period of extensive remodelling of the early placenta into the definitive organ with regression of villi occurring over a large proportion of the gestational sac to form the smooth membranes in association with onset of the maternal arterial circulation. It has been speculated that regional variations in trophoblast proliferation and invasion within the uterus, possibly due to differences in the maternal endometrial gland function, immune cells and the local cytokine milieu, may lead to aberrant regression and hence differences in placental shape (Burton & Jauniaux 2017 ).
David's findings on placental shape led him to speculate that different regions of the placenta perform different functions (39, 40). Although regional differences in gene expression have been reported, there are no physiological data to support the concept of localized specialization of placental function along its short or long axis. Rather, it may be that placental shape is a proxy marker for differences in endometrial wellbeing and function. It is also possible that placental shape may be dependent on the site of placental attachment within a normal uterus, whether it be in the fundus, on the anterior or posterior walls, or towards the lateral margin. A case-control study of precisely-dated singleton pregnancies found that lateral placentation poses a much higher risk of fetal growth restriction (Kalanithi et al. 2007 ), but placental shape was not considered. These differences may be due to variations in the distribution of blood vessels within the uterine wall, or the way regions of the uterus expand differentially during pregnancy. However, as we have no understanding of how the Figure 12 . Schematic showing how the placenta, interposed between the mother and her fetus, may modulate and transduce environmental cues that can lead to developmental programming of the fetus. Differences in placental surface area, shape and growth have all been linked through David's studies to increased risk of chronic diseases, although the mechanisms are still poorly understood. (Reproduced from Burton et al. 2016 .) (Online version in colour.) site of implantation is determined in the human, it is impossible to say how the location might be influenced by maternal dietary and other factors by which the uterus expands during pregnancy.
David's legacy to placental research is enormous. His findings invigorated the field, challenging investigators to better understand placental phenotypes, sex differences and their consequences for fetal development (figure 12). His work has spawned a host of human and animal studies probing the interactions between maternal diet, hypoxia and other environmental insults and placental function (reviewed in Burton et al. 2016; SferruzziPerri & Camm 2016; Thornburg et al. 2016) . By helping to highlight the fundamental importance of the intrauterine and peri-conceptional periods for life-long health, David identified new avenues for public health and clinical interventions aimed at reducing the burden of chronic disease.
Intervention studies
From the very beginning of his exploration of DOHaD, David knew that the ultimate goal was to reduce the burden of non-communicable disease by improving the diets, body composition and nutritional status of young women and their children. As the collective work grew, the biological data pointed increasingly to the likelihood that the largest and longest-term impacts on the children would be gained by intervening before conception to improve the nutritional fitness of the mother. Inspired by the findings of the Pune Maternal Nutrition Study in a poor rural setting in India, which collected data on women before conception and showed that maternal body composition, diet and physical activity were related to newborn size and body composition, he decided to set up a large pre-conceptional cohort study in the UK (Rao et al. 2001) . In 1998, under the careful stewardship of Hazel Inskip, David established the Southampton Women's Survey (SWS) to provide the observational evidence of the impact of pre-conception health of women on the health of their children needed to justify such intervention. Between 1998 and 2002, all women of peak childbearing age (20 to 34 years) in the City of Southampton were invited to take part in this ground-breaking study. A total of 12 579 (75%) women agreed and went on to produce 3152 babies who have been minutely characterized from the earliest possible time in pregnancy and are still being followed up at the time of writing. The SWS has produced many remarkable insights, including studies demonstrating that a substantial component of metabolic disease risk has a pre-natal developmental basis and that a large part of the differences in adiposity and risk of overweight and obesity in later childhood is explained by an accumulation of modifiable risk factors such as maternal overweight and nutrient status (Godfrey et al. 2011; Robinson et al. 2015) .
While accepting that there was much we still did not understand about what shaped growth and development during the first nine months of life, David was convinced that it was time to launch the first large-scale intervention studies. With Caroline Fall, epidemiologist and his close friend, at the helm, the Mumbai Maternal Nutrition Project was set up. This was a randomized controlled trial of a pre-conceptional food-based supplement for women living in slums in the city of Mumbai, and showed reduced likelihood of gestational diabetes and increased birth weight in a high-risk Indian population, but only among mothers who were not underweight (41). The authors of this research speculate that 'underweight mothers in our study may have had inadequate macronutrients or other substrates to use nutrients supplied by our supplements or partition them to the fetus ' (p. 1267) . This extraordinary and complex study was the first pre-conception nutritional intervention study set up with a view to monitoring long-term outcomes in the offspring. The findings at birth demonstrate the complexity of effects; the impact of the intervention on newborn size was conditioned by maternal pre-conceptional characteristics. Since this trial was completed, the Canadian government, with support from the World Health Organization, has launched the Healthy Lifestyles Trajectory Initiative (HeLTI) with 10 years of funding for four large international trials designed to test the effect of a package of pre-conception interventions on adiposity in the children born in these studies. In the UK, a group of academics, policy makers and clinicians has formed the Preconception Partnership, which aims to take forward an action plan to improve pre-conception care in England and generate a social movement to normalizing the concept of preparing for a healthy pregnancy.
Being the clinician he was, David recognized early on that a large part of improving women's nutritional status involved changing human behaviour. He recruited his daughter, Mary Barker, a psychologist, to begin thinking about how we might support women to eat better. The SWS had illustrated the extraordinary, graded relationship between the level of education attained by women in Southampton, the quality of their diets and the quality of the diet they then fed their children (22) . Mary and her social scientist colleagues set about trying to understand what lay beneath this relationship and how they might use this understanding to construct interventions to improve the diets, particularly of women disadvantaged by lack of educational attainment. Through talking to women, they discovered that with educational attainment, women gain a sense of control over their lives that generalizes to their management of their diets and those of their children (25). This has led to the development of a training programme in behaviour change skills for health and social care practitioners who work with women and their families. 'Healthy Conversation Skills' has now been taken up by Public Health England as the means of training all health and social care practitioners to 'make every contact count' and is being used with maternal and child health workforces around the world to support women in feeding themselves and their children better (Lawrence et al. 2016) . At its heart, the Healthy Conversation Skills approach enables women to identify their own solutions to the problems they face and empowers them to put those solutions into place; a strategy of which David Barker heartily approved. 
Family life
Of all David's characteristics, his most striking were his warmth and humour. These were important ingredients in his working relationships and collaborations, and helped to create an environment where friendship and trust flourished. David created an MRC Unit where science could prosper but which at the same time was alive with banter and fun. He believed there was a right way to do everything and insisted that guests to the unit were treated to great hospitality. This extended to the home he created with his wife Jan at Manor Farm, East Dean, where they welcomed visitors and the collaborators they had gathered on their travels ( figure 13 ). Manor Farm became a centre for scientific work, and there are many scientists around the world who will talk of the happy hours they have spent there working, eating, drinking and establishing friendships. David died from a cerebral haemorrhage on 27 August 2013 at the age of 75. He is survived by his second wife, Jan, eight children and 13 grandchildren, who loved, supported and admired him, and understood that they had to share him with science. He continued to work at the unit (now the MRC LEU) right up until his death, and to contribute to the studies he established, the Hertfordshire Cohort Study and the SWS. He analysed data, wrote papers and travelled the world as a much-sought-after mentor, advisor, teacher and speaker.
David Barker's legacy
His discoveries created a new field of research and had a huge influence on the scientific world. His preoccupation in his later years, however, was to translate the basic science into efforts to improve the health and nutrition of adolescent girls, pregnant women and infants. He felt strongly that public health was currently failing, and that a new approach was needed to tackle the epidemics of chronic disease sweeping the world. He believed that protecting the nutrition of girls and young women should be the cornerstone of a new public health strategy. In one of his last public speeches, David argued that: the next generation does not have to suffer from heart disease or osteoporosis. These are not mandated by the human genome. They barely existed a hundred years ago. They are unnecessary diseases. We could prevent them had we the will to do so.
(given at the MRC centenary celebrations, Southampton, 2013) This passion has since spawned a new generation of research and researchers, developing and trialling interventions to improve the nutritional status of young women, and latterly young men, in order to improve the health of the next generation.
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